Working from a social relationship and life course perspective, we provide generalizable population-based evidence on partnered sexuality linked to cardiovascular risk in later life using national longitudinal data from the National Social Life, Health and Aging Project (NSHAP) (N = 2,204). We consider characteristics of partnered sexuality of older men and women, particularly sexual activity and sexual quality, as they affect cardiovascular risk. Cardiovascular risk is defined as hypertension, rapid heart rate, elevated C-reactive protein (CRP), and general cardiovascular events. We find that older men are more likely to report being sexually active, having sex more often, and more enjoyably than are older women. Results from cross-lagged models suggest that high frequency of sex is positively related to later risk of cardiovascular events for men but not women, whereas good sexual quality seems to protect women but not men from cardiovascular risk in later life. We find no evidence that poor cardiovascular health interferes with later sexuality for either gender.
Involvement in social relationships has long been demonstrated to promote health (Umberson and Montez 2010 ). The sexual relationship, which we define here as either a long-or short-term connection with a partner that includes sex, particularly sexual activity and sexual intimacy, is one of the most fundamental types of social relationships, and it has long been recognized as an essential part of human life (Masters and Johnson 1966; Satcher 2001; Schnarch 1991 ). Yet, our scientific understanding of sexual relationships, especially the consequences of partnered sexuality for health, is in its nascent stage both theoretically and empirically. We focus on sexuality with a partner since, especially in the current cohorts of older adults, the vast majority of sex takes place with another person in a relationship (Galinsky, McClintock, and Waite 2014) . We work from a social relationship and life course perspective to consider how partnered sexuality modifies individuals' life context at older ages and thus shapes cardiovascular risk. Cardiovascular risk, defined as "the presence of any physiological or functional state that is a step on the way to cardiovascular disease" (Liu and Waite 2014:404) , is the leading cause of death in the United States (Mozzafarian et al. 2015) . A large body of work points to the important role of social relationships in 661597H SBXXX10.1177/0022146516661597Journal of Health and Social BehaviorLiu et al.
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There are several reasons to expect partnered sexuality to affect cardiovascular health. First, sexual activity is a form of exercise. During sexual intercourse as well as foreplay, both men and women experience stretching of muscles and tendons, flexion of joints, and hormone fluctuation (Frappier et al. 2013) , which may promote cardiovascular fitness (Levin 2007 ). Yet, there are also clinical concerns that sexual activity may precipitate acute cardiac events for patients with a prior history of cardiovascular disease (Cheitlin 2003; Dahabreh and Paulus 2011; Muller et al. 1996; Stein 2000) . Second, the intimacy built into a sexual relationship is a source of emotional and social support, which is a key component that defines life context and in turn shapes health (Schnarch 1991) . Third, partnered sexuality and satisfaction with it may reduce exposure to stress, modify response to stress, and promote recovery from stress (Ein-Dor and Hirschberger 2012), thereby reducing the risk of cardiovascular disease (Schwartz et al. 2003) .
The present study provides the first generalizable, population-based evidence of the longitudinal links between partnered sexuality and cardiovascular risk in later life. Using a nationally representative longitudinal data set from the National Social Life, Health and Aging Project (NSHAP), we assess how partnered sexual activity and sexual quality are related to cardiovascular risk for older men and women over time. The findings speak to health policy and practice as well as to our understanding of sexuality in later life.
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Partnered Sexuality of Older Adults: A Social Relationship and Life Course Perspective
Increasingly, scholars build on a life course perspective to view the status and transitions of social relationships as one ages (Elder and O'Rand 1995) . According to the life course perspective, the developmental tasks and challenges of life change from childhood through young adulthood, middle, and older ages. Additionally, men and women differ in their pathways and relationship transitions across life course stages. While much research has studied various social relationships over the life course, the sexual relationship has been largely ignored, perhaps because sex is often considered to be a private or individual behavior (Harvey, Wenzel, and Sprecher 2004) . We work from the life course perspective to conceptualize partnered sexuality as a unique type of social relationship that defines the life context over the life course. As a consequence, the sexual relationship may shape individuals' health.
Sexuality varies dynamically through the socially and biologically defined stages of life (Carpenter and DeLamater 2012; Waite and Charme 2015) . Previous studies on sex and sexuality often focus on adolescence and young and middle adulthood, which are usually considered to be the most sexually active stages of life (DeLamater and Sill 2005) . Scientific understanding of sexual relationships in later life is limited. A common conception is that older people do not have sex as often as their younger counterparts and that the quality of sexual life tends to decline at older ages due to biological challenges that accompany aging (DeLamater 2012; Kinsey, Pomeroy, and Martin 1998) . However, recent studies show that sexuality remains important to the quality of life of many older adults (Iveniuk, Cagney, and O'Muircheartaigh 2016; Lindau et al. 2007; Stroope, McFarland, and Uecker 2015) . A sizeable share of both older men and older women agree that sex is a key part of their relationship and wellbeing (DeLamater 2012; DeLamater and Sill 2005) . Indeed, some scholars argue that despite a decrease in sexual frequency, the quality of sexual life sometimes improves with age because men may gain greater voluntary control over ejaculation (DeLamater and Karraker 2009 ).
Sexuality at older ages, especially among the cohorts now in these ages, is almost exclusively experienced within long-established couples, virtually all of them married. Data from the National Social Life, Health, and Aging Project show that 95% of sex is within a partnered relationship for older adults. Thus, we focus here on sexual activity with a partner, mostly the spouse, and satisfaction with that experience. Note that especially at older ages, not all those with partners are sexually active; among partnered men and women aged 75 and older, fewer than half had any sex with their partner in the past year (Karraker and DeLamater 2013; Lindau and Gavrilova 2010) .
Sexuality and Cardiovascular Health: Limited Clinical and Community Evidence
Cardiovascular disease (CVD) is the leading cause of death and disability for both men and women in the United States (Mozzafarian et al. 2015) . According to the U.S. Centers for Disease Control (CDC), about 600,000 Americans die of CVD every year; this is about one in every four deaths. This problem becomes increasingly prevalent with advancing age (Go et al. 2014; Lakatta and Levy 2003) . Researchers from a wide range of fields are devoted to identifying the key risk factors for CVD. However, we know little about whether and how involvement in a sexual relationship shapes cardiovascular risk.
Both empirical and theoretical research on the effects of sexuality on cardiovascular health is still rare (Dahabreh and Paulus 2011; Levine et al. 2012) , and almost all focuses on the effect of sexual activity on risks of cardiovascular events (Brody 2010; Dahabreh and Paulus 2011; Levine et al. 2012) . Moreover, the current limited empirical evidence on this topic is restricted to small, nonrepresentative clinical or community samples (Dahabreh and Paulus 2011; Levine et al. 2012) . For example, a Welsh longitudinal study of 914 men aged 45 to 59 recruited between 1979 and 1983 found that men with more frequent sexual intercourse tend to have lower risks of experiencing ischemic stroke and coronary heart disease events during the 20-year follow-up (Ebrahim et al. 2002) . Another study based on the same Welsh data set found that men who experience more orgasms have lower risks of dying from coronary heart disease (Smith, Frankel, and Yarnell 1997) . Other clinical-based studies also found evidence of health benefits from sexual activity and suggest that increased frequency of vaginal intercourse is associated with better mental health outcomes as well as healthier heart rate variability and lower risk of mortality (see a review in Brody 2010) . At the same time, there are also some clinical concerns that sexual activity may trigger acute cardiac events especially for patients with a prior history of CVD (Cheitlin 2003; Dahabreh and Paulus 2011; Muller et al. 1996; Stein 2000) . Nevertheless, most clinical studies conclude that the triggering effect of sexual activities on acute cardiac events is minimal and can be alleviated through regular physical exercise (Cheitlin 2003; Dahabreh and Paulus 2011; Muller et al. 1996; Stein 2000) .
Clinical studies usually consider sex as a form of physical activity, suggesting that sexual activity is equivalent to mild to moderate physical activity such as "climbing 2 flights of stairs or walking briskly" (Levine et al. 2012 (Levine et al. :1058 . The premise is that sexual foreplay, stimulation, and intercourse require both men and women to engage in stretching and physical movement. Regular physical activities enhance endothelial nitric-oxide synthase (eNOS) expression and function, leading to increased nitric-oxide (NO) production and thereby vasodilation (Dimmeler and Zeiher 2003) . This process improves the efficiency of the delivery of oxygen and nutrients to body cells and tissues, thus keeping the tissues healthy and strong (Butt 1990) .
Although clinical studies represent a step forward in this line of investigation, both the quantity and quality of the research is limited. Studies to date have failed to demonstrate basic patterns for known populations. The fundamental weaknesses of these studies, which include small unrepresentative samples, a focus only on younger adults, crosssectional designs, and lack of control covariates (Brody 2010) , make causal inference difficult. More importantly, these clinical studies mainly utilize a medical perspective that emphasizes the physical and behavioral traits of sex in the disease development processes and tend to overlook the social and psychological context in which partnered sex occurs. Therefore, this line of literature suffers from its intellectual fragmentation and does not provide a theoretical frame to guide empirical analysis and integrate research findings (Hammack 2005) .
Toward an Integrated Model: A Social Relationship and Life Course Perspective on Partnered Sexuality Linked to Cardiovascular Health
The life course perspective on social relationships lays a broad theoretical foundation to expect that partnered sexuality holds significant meaning for individuals and functions to shape life context, which in turn affects health. This perspective directs attention to both the resources and support that flow from relationships as well as the strain and demands that they carry, all of which constitute key components of the life course (Umberson and Montez 2010) .
Resources and Support. Involvement in partnered sexuality increases access to social, psychological, and behavioral resources. In terms of behavioral resources, sex is the central activity in a sexual relationship. However, in most cases, especially among older adults, involvement in partnered sexuality goes beyond the physical act of sex to include emotional closeness, availability of a confidant, and the benefits of physical touch (Iveniuk et al. 2016 ).
Similar to other types of social relationships like marriage and parenthood, partnered sexuality may promote health via increasing social integration and social and emotional support (Burman and Margolin 1992; Cohen 2004) , which are all important resources that promote health (Waite and Joyner 2001) . Intimate relationships, whether sexually active or no longer so, are more likely to provide emotional support to men than to women (Erickson 2005; Kalmijn 2003 ), but women seem to be more sensitive to the quality of the relationship than are men (Kiecolt-Glaser and Newton 2001).
Stress Relief. Stress triggers the sympathetic nervous system to metabolize glucose and induces the release of stress hormones, specifically catecholamines and cortisol, which in turn results in increased blood pressure and heart rate, accelerated breathing, and constriction of blood vessels. This "fight or flight" process characterizes the general human response to stress, which may increase allostatic load and foster wear and tear on the regulatory mechanisms, leading to chronic conditions, such as CVD and hypertension (Everson-Rose and Lewis 2005; McEwen and Stellar 1993; Taylor et al. 2000) . Clinical scientists contend that physical exercise, including sexual activity, helps to reduce both women's and men's stress hormone levels (e.g., adrenaline, cortisol) and stimulate the production of endorphins, a natural mood elevator. Sexual activity, especially orgasm, also triggers the release of oxytocin, which promotes bonding (Magon and Kalra 2011) and may help to relieve stress, thus enhancing cardiovascular health. Not only is stress relieved during intercourse and the moment of orgasm, but elevated mood may persist for some time and have a positive impact on health (Exton et al. 1999; Kashdan et al. 2014; Kruger et al. 1998) . The physical act of sex may alleviate stress directly in the same way as does any exercise (Salmon 2001) . Sex may also work indirectly through the increased access to coping resources such as emotional support from a sexual relationship, which may alleviate the negative effect of stress. The efficacy of sexual activity for relieving stress may depend on the quality of the experience, with only satisfying sex reducing stress, in much the same way as only marriages of high quality improve physical health (Liu and Waite 2014) .
Strain and Demands. While partnered sexuality may provide health-promoting resources, it may also constitute a source of emotional and physical strain and demands (Walen and Lachman 2000) . The demands may come from the expectations and social norms related to gender and sexuality. For example, cultural scripts of masculinity may encourage men to enact their masculinity through sexual activities such as high frequency of sex and high expectation for their sexual performance (Carpenter 2015) . This is consistent with the observations that men tend to report having sex more often than do women and that men are more likely than women to suffer sexual performance anxiety and take performance-enhancing drugs (Laumann, Das, and Waite 2008; Lindau et al. 2007 ). Given that a large proportion of older adults, especially men, suffer some problems of sexual dysfunction and/or sexual performance anxiety (Lindau et al. 2007) , the social norms of masculinity may increase older men's exposure to both emotional stress and physical demands as they try to adhere to the norms of frequent sex in the face of health challenges or sexual problems (Lindau et al. 2007 ). Yet, a sexual relationship that produces high physical pleasure and emotional satisfaction may promote relationship quality and minimize the consequences of strain and demands, thus promoting cardiovascular health.
The Present Study and Research Hypotheses
We move beyond the medical perspective by integrating a social relationship and life course perspective to view partnered sexuality that constitutes the life context of individuals and in turn shapes cardiovascular health. Given the long-standing observation that involvement in social relationships promotes health and that men receive more health benefits from an intimate relationship than do women (Liu and Umberson 2008) , our general hypothesis is:
Hypothesis 1: People who are sexually active with a partner will have lower cardiovascular risk than people who are sexually inactive, with stronger effects for men than for women.
Social relationship scholars further distinguish quantitative (e.g., sexual frequency) and qualitative (e.g., sexual quality) dimensions of a relationship and argue that both dimensions have significant implications for health (Umberson and Montez 2010) .
Sexual Frequency. Frequency of partnered sex is a key mechanism through which sexual relationships may produce health outcomes. Medical researchers have reinforced scientific evidence linking regular physical exercise to various measures of cardiovascular health and emphasize frequency of exercise as a key component to developing cardiovascular fitness of older adults (Myers 2003) . Similar to other forms of physical exercise, having sex frequently may enhance the capacity of the blood vessels to dilate, improve vascular wall function, more efficiently provide oxygen to the muscles, and in turn promote cardiovascular health (Myers 2003) . Moreover, moderate frequency of sex may promote intimacy in the relationship and thus overall relationship quality , which has positive effects on health. However, a high frequency of sex may indicate potential problems of sexual obsessions or unmet sexual need of either partner or may signal the presence of an extramarital sexual relationship. These may lead to stress and physical exhaustion and thus be detrimental to cardiovascular health (Safi et al. 2002) . In addition, sexual intercourse per se is physically and biologically demanding and entails moderate stress on the cardiovascular system (Safi et al. 2002) , perhaps more so for men's bodies than for women's due to biologically based sex differences of genetic and hormonal origins (Fisher 2012) . Taken together, we hypothesize:
Hypothesis 2: (a) Both men and women who have moderately frequent sex will have lower cardiovascular risk than those who are sexually inactive, but (b) high frequency of sex will be related to increased cardiovascular risk, especially for men.
Sexual Quality. Compared with objective measures of sexual frequency, clinical studies have paid less attention to subjective feelings of sexual well-being in linkages to health (Brody 2010) . In contrast, social relationship scholars have consistently highlighted the importance of relationship quality in shaping health (Umberson and Montez 2010) . Sexual quality broadly refers to individuals' subjective appraisal of their sexual relationships, with physical dimensions differentiated from emotional (Laumann et al. 2006; Lawrance and Byers 1992) . Both dimensions of sexual quality are seen as components of relationship satisfaction and stability Sprecher 2002) . They thus modify the social support and stress processes and in turn shape cardiovascular health. Greater satisfaction with one's sexual relationship, both physically and emotionally, may improve relationship quality, promote access to social support, and enhance life satisfaction and happiness (Dogan, Tugut, and Golbasi 2013; )-all factors that promote cardiovascular health. Because women are more sensitive to the quality of a relationship than are men, they may experience stronger effects of relationship quality on their cardiovascular health than do men (Kiecolt-Glaser and Newton 2001; Liu and Waite 2014; Zhang and Hayward 2006) . This view is supported by clinical studies suggesting that multiple domains of relationship quality have stronger effects on women's health-including immune system and cardiovascular function-than on men's (Kiecolt-Glaser and Newton 2001; Liu and Waite 2014) . Recent studies also find that sexual quality is more important for women's happiness and life satisfaction than for men's (Dogan et al. 2013) . Taken together, we expect:
Hypothesis 3: Better sexual quality will be related to lower cardiovascular risk, and this relationship will be stronger for women than for men.
Potential Reversal Causality. Although our primary research question is about how partnered sexuality affects cardiovascular risk, it is also possible that poor cardiovascular health interferes with individuals' sexual life. Despite limited empirical evidence, especially population-based, several clinical studies have examined how sexuality is affected by heart disease and suggested that the onset of cardiovascular disease is associated with a decline in sexual desire and frequency (Jaarsma et al. 1996; Schwarz and Rodriguez 2005) . For example, Jaarsma and collegaues (1996) studied 62 patients with advanced heart failure and found that most patients reported a marked decrease in sexual interest and sexual frequency as well as decreases in the feeling of pleasure or satisfaction they normally experienced from sex after the event of heart failure. Given this literature, we expect:
Hypothesis 4: Higher cardiovascular risk at one point will be related to both lower frequency and lower quality of sex at a later point for both men and women.
DAtA AND MEtHODS
We used the first two waves of nationally representative longitudinal data, which lie at the foundation of a life course perspective, from the National Social Life, Health and Aging Project. The NSHAP, one of the first national-scale population-based studies of health and intimate relationships at older ages, was conducted by NORC at the University of Chicago. A nationally representative probability sample of community-dwelling individuals ages 57 to 85 was selected from households across the United States and screened in 2004. African Americans, Latinos, men, and those 75 to 84 years old were oversampled. All analyses were weighted and further adjusted for clustering and stratification of the complex sampling design using the complex analysis commands in MPLUS software (Muthén and Muthén 2007) .
The first wave of the NSHAP (Wave 1) included a sample of 3,005 adults ages 57 to 85 who were interviewed during ). Both in-home interviews and lab tests and assays were conducted. Wave 2 consisted of 2,261 Wave 1 respondents who were re-interviewed during 2010-2011 (Waite, Cagney, et al. 2014 ). Because our study focused on partnered sexuality, we excluded 57 respondents who reported having had sex in the past year but were not in a partnered relationship including marriage, cohabitation, and other intimate or sexual relationships at Wave 1. Thus, our final sample included 1,046 men and 1,158 women who were interviewed in both waves.
Measures
Partnered Sexual Activity. We started with a basic measure of whether a respondent was sexually active with a partner. This was based on the question asking whether the respondent had sex with the partner in the last year (1 = yes, 0 = no). Sex was defined as any "mutually voluntary activity with another person that involves sexual contact, whether or not intercourse or orgasm occurs" (Lindau et al. 2007:763) . Then, we measured sexual frequency based on the question asking respondents how often they had sex with the partner during the last 12 months. The responses included: none (reference), about once a month, two to three times a month, and once a week or more.
Sexual Quality. Sexuality scholars distinguish two dimensions of sexual quality: physical pleasure and emotional satisfaction (Laumann et al. 2006; Waite and Joyner 2001) . Respondents were asked how physically pleasurable they found their sexual relationship to be. They were also asked in a separate question how emotionally satisfying they found their sexual relationship to be. If the respondent was not sexually active last year, the questions referred to their most recent partnered sexual relationship. Because these two measures were left-skewed, we collapsed the lower-end categories and recoded the variables into three categories: not very pleasurable/ satisfying (including none, slightly, and moderately), very pleasurable/satisfying, and extremely pleasurable/satisfying. We analyzed these two variables as separate measures for the physical and emotional dimensions of sexual quality, respectively. Cardiovascular Health Outcomes. We included four measures of cardiovascular risk: hypertension, rapid heart rate, elevated C-reactive protein (CRP), and general CVD events.
Hypertension is a key risk factor for CVD. Elevated blood pressure is associated with an increased risk of hypertensive heart disease, stroke, heart attack, and heart failure (Izzo and Black 2003) . Hypertension increases the pressure on blood vessels and the heart and can lead to inflammation of arteries, atherosclerosis, and clogging, narrowing, and damaging of the blood vessels, all of which create multiple risks for CVD (Izzo and Black 2003) . To measure hypertension, we combined both the biological and self-reported measures collected by the NSHAP (Cornwell and Waite 2012) . The NSHAP measured the blood pressure of each respondent twice, using a LifeSource digital blood pressure monitor (model UA-767PVL). Hypertension was identified when the mean of the two readings was greater than 140 mm Hg systolic or 90 mm Hg diastolic. For respondents who had been diagnosed with diabetes, we used the recommended lower cutoff of either 130 mm Hg systolic or 80 mm Hg diastolic (National Heart, Lung, and Blood Institute 2003). In addition, respondents were asked whether they had ever been told by a medical doctor that they had high blood pressure or hypertension. Based on responses to this question, along with the measures of blood pressure, we categorized respondents into four groups: (1) normal blood pressure reading and no diagnosis of hypertension (referred to as the "normal" blood pressure group), (2) normal blood pressure reading but diagnosed with hypertension (referred to as "controlled" hypertensive group), (3) high blood pressure reading but no diagnosis of hypertension (referred to as "undiagnosed" hypertensive group), and (4) high blood pressure reading and diagnosed hypertension (referred to as "uncontrolled" hypertensive group). The normal blood pressure group was the reference group.
The second measure of cardiovascular risk was rapid heart rate. Heart rate was measured as the number of times the heart beats per minute. When the heart cannot effectively deliver blood and oxygen to meet the needs of the body, it will beat abnormally fast. A long-term resting heart rate greater than 80 beats per minute is linked to a significant risk of hypertension, heart disease, and mortality (Izzo and Black 2003) . Heart rate was measured twice for the NSHAP respondents. Rapid heart rate (coded as 1) was identified if the mean reading was greater than 80 beats per minute, and all others were identified as normal heart rate (coded as 0).
The third measure of cardiovascular risk was C-reactive protein (CRP). Elevated CRP is often used as a marker for systemic inflammation, and it has emerged as an important predictor of CVD (Nallanathan et al. 2008; Ridker 2003) . Ridker (2003) suggests that CRP is a stronger predictor of cardiovascular events than are other traditional markers, such as low-density-lipoprotein cholesterol. During the home interviews, blood was obtained via a single finger-stick using a retractable-tip, single-use disposable lancet and then applied to filter paper. The filter paper was allowed to dry for the remainder of the interview before being placed in a plastic bag with desiccant for transport and storage. High-sensitivity CRP (mg/L) was derived from the dried blood. Details about the procedures of NSHAP dried blood spot CRP measurement are described by Nallanathan et al. (2008) . We followed the recommendations of the CDC with respect to classification of cardiovascular risk when interpreting CRP values: low and normal risks exist when CRP ≤ 3 mg/L, high risk exists when CRP > 3 mg/L but ≤ 10 mg/L, and presence of acute infection when CRP > 10 mg/L (Pearson et al. 2003) . CRP was analyzed as an ordinal categorical variable with higher values indicating higher levels of CRP.
Finally, we included a measure of self-reported general CVD events. During the home interviews, all NSHAP respondents were asked whether they had ever been told by a medical doctor that they had had a heart attack, heart failure, or stroke. These events were the most common forms of CVD among older adults. Respondents who reported any of these CVD events were coded as '1', and others were coded as '0'.
Other Covariates. We included two types of covariates (all measured at Wave 1) that are related to both sexuality and cardiovascular risk: sociodemographic covariates and health-related covariates.
Sociodemographic Covariates. We stratified all analyses by gender. Age was measured as a continuous variable in years. Marital status included the married (coded as '0') and unmarried (coded as '1'). Raceethnicity included non-Hispanic white (reference), non-Hispanic black, Hispanic, and other. Education was grouped into four categories: less than high school (reference), high school graduate, some college, and college graduate. Family income was derived from the question that asked respondents to compare their family income levels with other American families. Responses ranged from below average (reference), average, to above average.
Health-related Covariates. We controlled for general measures of both mental and physical health. Physical health was measured based on self-reported physical health, ranging from 1 = poor/fair to 5 = excellent. Mental health was measured by psychological distress using an 11-question subset of the Center for Epidemiological Studies Depression Scale (CES-D) (Radloff 1977) . Respondents were asked how often in the past week they experienced any of the following: (1) I did not feel like eating; (2) I felt depressed; (3) I felt that everything I did was an effort; (4) My sleep was restless; (5) I was happy; (6) I felt lonely; (7) People were unfriendly; (8) I enjoyed life; (9) I felt sad; (10) I felt that people disliked me; and (11) I could not get "going." Response categories ranged from 0 = rarely or none of the time to 3 = most of the time. The items are recoded such that higher values indicated higher levels of depression (i.e., poorer mental health). The final scale was the sum of the 11 scores.
We also controlled for a number of health behaviors. Because respondents may take medications for hypertension or sexual hormones, we included an indicator for taking any antihypertensive medicine (1 = yes, 0 = no) and another separate indicator for taking sex hormones (e.g., estrogen, progestin, and testosterone; 1 = yes, 0 = no). We also included body mass index (BMI), a significant predictor of CVD, as an indicator of obesity (Izzo and Black 2003) . BMI was calculated from measured height and weight, grouped into four categories: normal or underweight (BMI < 25), overweight (25 ≤ BMI < 30), obese (30 ≤ BMI < 40), and morbidly obese (BMI ≥ 40) (World Health Organization 1995) . In addition, we included indicators for currently smoke (1 = yes, 0 = no), currently drink alcohol (1 = yes, 0 = no), and physical exercise (1 = vigorous physical activity or exercise three times or more per week, 0 = others).
Analytic Approach
We applied cross-lagged models (illustrated in Figure 1 ), widely used in the analysis of longitudinal data, to account for the possibility of reversal causality (Finkel 2004) . Specifically, we used Wave 1 sexuality to predict Wave 2 cardiovascular risk outcomes and used Wave 1 cardiovascular risks to predict Wave 2 sexuality. In each prediction equation, we controlled for Wave 1 cardiovascular risks, Wave 1 sexuality, and all other covariates. We ran four separate cross-lagged models to assess the status of being sexually active (i.e., had sex last year; Model A), sexual frequency (Model B), physical (Model C) and emotional (Model D) dimensions of sexual quality, respectively, in relation to all cardiovascular risks. The specific prediction equation varied by the measurement of the endogenous variables. Specifically, we estimated multinomial logistic regression models to predict hypertension, binary logistic regression models to predict rapid heart rate, general CVD events, and being sexually active; and ordinal logistic regression models to predict CRP, sexual frequency, physical pleasure, and emotional satisfaction. Because women and men play different roles in a sexual relationship and their CVD risks also differ, we stratified all analyses by gender and assessed statistical significance of gender differences in the regression coefficients using Z-tests (Agresti and Finley 2009) . Results from the Z-tests (not shown but available on request) suggested that gender differences in all key findings were statistically significant. All models were estimated using MPLUS (Muthén and Muthén 2007) .
We used the full information maximum likelihood (FIML) methods provided by MPLUS to handle missing values of all endogenous variables such as CVD risks and sexuality factors. The FIML approach maximizes a casewise likelihood function using only those observed variables with the assumption of missing at random (Muthén and Muthén 2007) . Missing values for categorical exogenous covariates were flagged as separate missing categories. Cases with missing values (about 1%) on continuous exogenous covariates were replaced with the mean.
Correction for Sample Attrition Due to Mortality. Our analysis sample included only respondents who were interviewed in both waves of NSHAP. Sample attrition between waves, especially due to mortality, was not random. Therefore, we applied the approach, developed by Heckman (1979) , to adjust the sample selection biases that were due to selection through mortality. See Liu and Waite (2014) for similar applications. This approach consisted of modeling the probability that a respondent would die between Waves 1 and 2 using logistic regression models, conditional on a set of predictors measured at Wave 1. Then, for individuals who did not die, cardiovascular risk outcomes were modeled as a function of a set of independent variables, including the estimated probabilities of dying. Following this Heckman-type correction, estimates of cardiovascular risk should be interpreted as being adjusted for factors that may affect that risk as well as the tendency to die.
RESULtS
We start our discussion with descriptive results, shown in Table 1 for men and women separately. Clearly, we can see that men are more likely to report having had partnered sex last year (70% at Wave 1 and 49% at Wave 2) than are women (39% at Wave 1 and 23% at Wave 2). Men also report a higher frequency of sex than do women. Specifically, 25% and 20% of men in contrast to 11% and 11% of women report that they had sex once a week or more in the past year at Wave 1 and Wave 2, respectively. Moreover, men are more likely than women to report their sexual relationship as extremely physically pleasurable (36% vs. 23% at Wave 1, 33% vs. 17% at Wave 2) and extremely emotionally satisfying (37% vs. 25% at Wave 1, 34% vs. 15% at Wave 2). Table 1 also shows moderate gender differences in cardiovascular risks, but the differences are much smaller than the gender differences in the sexuality variables.
Results from Cross-lagged Models for Men
Next, we move to the results from the cross-lagged models for men. We first discuss the results for sexuality predicting later cardiovascular risks (shown in Table 2 further suggest that only sexually active men who had sex once a month at Wave 1 have significantly lower odds of being in a higher CRP category than men who had no sex last year at Wave 1 (OR = .43, p < .01). Yet, higher frequency of sex (i.e., two to three times a month or once a week or more) is not related to CRP for men. Moreover, as shown in Model B of Table 2 , the odds of experiencing CVD events by Wave 2 for men who had sex once a week or more at Wave 1 are nearly double (OR = 1.90, p < .05) the odds for men who were sexually inactive, although lower frequency of sex (i.e., two to three times a month or once a month) at Wave 1 is not significantly related to CVD events at Wave 2 for men.
Furthermore, results in Table 2 also suggest that reporting a sexual relationship extremely pleasurable (Model C) and extremely satisfying (Model D) at Wave 1 are both related to higher odds of experiencing CVD events by Wave 2 for men. Specifically, men who reported that that their sexual relationship was extremely pleasurable have 65% higher odds of experiencing CVD events five years later than men who reported it not very physically pleasurable; men who reported their sexual relationship extremely satisfying face about twice of the odds of experiencing CVD events within the next five years compared to men who were not very emotionally satisfied (OR = 2.04, p < .05). 
Hypertension (Multinomial Logit)
Cardiovascular Risks Predicting Sexuality. Table 3 shows the results for the reverse causal pathway in which cardiovascular risks predict later sexuality for men. This table shows only one significant effect: Men who had undiagnosed hypertension at Wave 1 tend to report higher sex frequency five years later than men with normal blood pressure initially (OR = 1.94, p < .05), but other CVD risks at Wave 1 are unrelated to later sexual activity at Wave 2 for men.
Results from Cross-lagged Models for Women
Results from the cross-lagged models for women are shown in Table 4 for sexuality predicting cardiovascular risks and in Table 5 for cardiovascular risks predicting sexuality.
Sexuality Predicting Cardiovascular Risks.
Results from Table 4 suggest that neither the status of having partnered sex (Model A) nor the frequency of sex (Model B) at Wave 1 is a significant predictor of women's cardiovascular risks at Wave 2. However, both higher levels of physical pleasure (Model C) and emotional satisfaction (Model D) seem to protect women from developing cardiovascular risks, particularly hypertension. Specifically, results from Model C of Table 4 suggest that women who assessed their sexual relationship as extremely physically pleasurable at Wave 1 have significantly lower odds of both undiagnosed (OR = .53, p < .05) and uncontrolled (OR = .42, p < .05) hypertension at Wave 2 than women who reported not very physically pleasurable. Results from Model D of Table 4 suggest that women who reported that they felt extremely satisfied with their sexual relationship at Wave 1 have significantly lower odds of uncontrolled hypertension (OR = .44, p < .05) at Wave 2 than women who did not feel very emotionally satisfied.
Cardiovascular Risks Predicting Sexuality. Table 5 shows the estimated odds ratios of Wave 1 cardiovascular risks predicting Wave 2 sexuality for women. These results suggest that women who had uncontrolled hypertension at Wave 1 tend to report both higher frequency of sex (Model B) and higher levels of emotional satisfaction (Model D) in their sexual relationship at Wave 2 than women whose blood pressure were normal at Wave 1. Other cardiovascular risks at Wave 1 are unrelated to sexuality at Wave 2 for women. Note: In all models, we control for age, race-ethnicity, marital status, education, relative family income, self-rated physical health, psychological distress, smoking, drinking, BMI, physical activity, antihypertensive medication use, and sexual hormones use (all measured at Wave 1) as well as probability of death at Wave 2. Cardiovascular risks and sexuality at Wave 1 are also controlled. CRP = C-reactive protein; CVD = cardiovascular disease; ref = reference category. *p < .05 (two-tailed tests).
DISCUSSION
Although sex is generally viewed as good for one's health (Brody 2010) , the health consequences of sex for older adults are less scientifically understood. We conceptualize partnered sex within a social relationship framework and argue that partnered sex shapes individuals' life context over time and in turn evokes cardiovascular response. We make a further contribution by providing the first population-based evidence of the longitudinal association between partnered sexuality and cardiovascular health in later life using a nationally representative longitudinal data set. In the following, we outline our major findings and implications.
His and Her Sex in Later Life
Consistent with previous studies (e.g., Lindau et al. 2007; Lindau and Gavrilova 2010) , our results suggest that a fairly large proportion of older adults are sexually active, but the patterns vary significantly by gender. We find, as have others, that older men are more likely to report being sexually active than are older women. But in addition, older men report a higher frequency of partnered sex than do older women, and more men than women say that they enjoy their sexual relationship, both physically and emotionally. It is likely that gender differences in sexual enjoyment lead to gender differences in sexual frequency. Because we use self-reported measures of sexuality, it is also possible that men tend to overreport while women tend to underreport their sexual activities (Fisher 2012 ). This may be related to the social and cultural pressures of expression of masculinity through sexual activities for men as well as our social conventions that usually suppress women's openness to discussion of sex (Milhausen and Herold 1999) . Despite such potential biases due to misreporting by gender, the observed gender difference in sexuality in later life is consistent with the long-observed cultural norms of a "sexual double standard" that encourages men's sexual activities 
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but suppresses women's (Milhausen and Herold 1999) . More importantly, our results suggest important gender differences in the linkages between partnered sexuality and cardiovascular risk, as we will discuss shortly.
Partnered Sexuality and Cardiovascular Risk in Later Life
Working from a social relationship and life course perspective, we hypothesized that people, especially men, who were sexually active with a partner would have lower cardiovascular risk than those who were sexually inactive (Hypothesis 1). Consistent with this hypothesis, we find that sexually active men have lower levels of CRP five years later than sexually inactive men. Yet, we did not find evidence for differences between the sexually active and the inactive in other cardiovascular risks for either men or women. More importantly, our results suggest that the benefits and costs of partnered sexuality highly depend on the nature of the sexual relationship, with substantial variation by gender.
Does Sexual Frequency Matter?
We find that men who had sex once a week or more are more likely to experience CVD events (e.g., heart attack, heart failure, and stroke) in the following five years than men who did not have sex in the past year (consistent with Hypothesis 2b), although infrequent sex (e.g., once or two to three times a month) is not related to CVD risks but instead even lowers risks in some measures (e.g., CRP, consistent with Hypothesis 2a). This suggests that while infrequent sex may bring some health benefits, having sex too frequently may be detrimental to health, especially for older men. This result is in contrast with the general notion, mostly based on clinical or community-based research, that higher frequency of sex as a form of physical exercise may uniformly promote health on various dimensions (Brody 2010; Ebrahim et al. 2002) . Several factors may explain the difference between our findings and ideas posed by others. First, our study sample is nationally representative of a relatively older population in the United States, while most previous studies focus on relatively younger age groups without a nationally representative population-based sample (e.g., Ebrahim et al. 2002) . It is likely that the risks related to high sexual frequency tend to increase at older ages due to physiological changes over the aging process. Indeed, some clinical studies suggest that sexual activity may trigger sudden cardiovascular events such as myocardial infarction especially among , 2005-2006 and 2010-2011 (N = 1,158 people who have a sedentary lifestyle (Cheitlin 2003; Dahabreh and Paulus 2011; Mittleman et al. 1993; Muller et al. 1996; Stein 2000) , which is more prevalent among older than younger adults. At the same time, we want to note that the amount of physical exercise from sex may not be enough to affect the cardiovascular system significantly. Future studies should test the possibility of lifestyle and age variation using other data sets that include a sample with a wider age range. Moreover, our analysis controls for a number of important social and health-related covariates often overlooked in previous studies. Indeed, our additional analysis without controlling for any covariates (not shown but available on request) reveals a similar finding to previous studies suggesting a negative relationship between sexual frequency and risks of CVD for men. However, once we control for all covariates, we find that a higher sexual frequency is related to a higher risk of CVD events for older men. This suggests that the covariates may have confounded the true relationship between sexual frequency and cardiovascular health. For example, men in better health tend to have sex more frequently than men in poorer health, and they also experience lower CVD risks. Without controlling health status as well as other related covariates, estimation of the relationship between sexuality and cardiovascular risk may be biased. Interestingly, we did not find similar patterns among women. Neither being sexually active nor frequency of sex is significantly related to women's later cardiovascular risks. A social relationship and life course perspective directs attention to both benefits and costs of a sexual relationship for health (Umberson and Montez 2010) and suggests that the processes differ for men and women (Fuhrera and Stansfeld 2002) . On the one hand, men are more likely than women to receive the benefits of the social and psychological resources provided by an intimate relationship (Erickson 2005; Kalmijn 2003) , which may promote men's cardiovascular health more so than women's. On the other hand, the social norms of gender and masculinity may indicate greater demands for men in a sexual relationship, which may lead to greater physical and emotional stress and thus poorer health. Our results suggest that for men, especially at older ages, the "demands" from a sexual relationship, particularly with a high frequency of sex, overweigh the "resources" it provides for health.
The strain and demands from a sexual relationship may be more relevant for men as they get older, become increasingly frail, and suffer more sexual problems. Because older men have more difficulties reaching an orgasm for medical or emotional reasons than do their younger counterparts (Levine et al. 2012; Lindau et al. 2007) , they may exert themselves to a greater degree of exhaustion and create relatively more stress on their cardiovascular system in order to achieve a climax (Levine et al. 2012) . Moreover, periodically stimulated sympathetic nervous system and testosterone may play a synergetic role leading to adverse cardiovascular health for men (Curtis and O'Keefe 2002; Xu et al. 2013 ). Another possibility is that due to the gendered social expectations in a sexual relationship and/or sex differences in human biology, men are more likely to use medication or supplements to improve sexual function (Lindau et al. 2007) . Although scientific evidence is still rare, it is likely that such sexual medication or supplements may have negative effects on their cardiovascular health. Moreover, having quite a high frequency of sex may indicate problems of sexual addiction, sexual compulsivity, or sexual impulsivity, related to psychological states such as anxiety or depression (Bancroft and Vukadinovic 2004) , which may lead to negative cardiovascular health.
Does Sexual Quality Matter?
A growing body of literature on social relationships points to the importance of relationship quality in shaping health outcomes over one's life, which might be more important than whether one is involved in a relationship per se (Liu and Waite 2014; Robles and Kiecolt-Glaser 2003) . Consistent with this view as well as Hypothesis 3, we find that women who reported that their sexual relationship was extremely physically pleasurable and/or extremely emotionally satisfying tend to have lower risks of hypertension in the following five years than women who were not physically or emotionally satisfied. A good quality sexual relationship may enhance emotional closeness and intimacy between partners. Previous studies suggest that a strong, deep, and close relationship is an important source of social and emotional support (Wellman and Wortley 1990) , which may reduce stress and promote psychological well-being and in turn cardiovascular health. This may be more relevant to women than to men because men in all relationships, regardless of the quality, are more likely to receive support from their partner than are women (Erickson 2005; Kalmijn 2003) , while only women in good quality relationships may acquire such benefits from their partner (Gallo et al. 2003) . Moreover, the female sexual hormone released during orgasm, which is more likely to happen when they feel pleasure and satisfaction in the process of sex, may also promote women's health. Future studies should examine the specific social, psychological, behavioral, and biological mechanisms under which sexual quality affects women's cardiovascular health.
Surprisingly, better sexual quality seems not to protect men's cardiovascular health. Indeed, our results suggest that men who felt extremely pleasured and extremely satisfied in their sexual relationship even have higher risk of experiencing CVD events five years later than men who did not feel very pleasured or satisfied in their relationship. These results are consistent with our suspicion that older men who reported that they had sex frequently and those who reported very high levels of physical and/or emotional satisfaction with sex may also use sexual medication or supplements or have some type of sexual addiction, sexual compulsivity, or sexual impulsivity. These may damage cardiovascular health directly or lead to behaviors that do so.
Reverse Causation
Although we develop a causal framework from which we draw hypotheses on how partnered sexuality affects cardiovascular risk, it is also likely that poor cardiovascular health disrupts later sexual life (Hypothesis 4). Surprisingly, we find no evidence for this reverse causation. Indeed, the only significant reverse effects we find indicate an opposite direction. We find that men who had undiagnosed hypertension and women who had uncontrolled hypertension tend to report higher frequency of sex and/or higher levels of emotional satisfaction in their sexual relationship five years later in comparison to those with normal blood pressure initially. Although not well understood yet, one possibility is that reproductive steroids, especially testosterone, may increase both sexual behavior/motivation and arterial hypertension by stimulating the reninangiotensin-aldosterone system (dos Santos et al. 2014 ). In addition, recent clinical studies suggest that hypertension per se does not predispose men to erection problems (Korhonen et al. 2015) . This is especially true for undiagnosed or uncontrolled hypertension that is often at an early stage of the disease, in which the blood vessels are functionally but not structurally (or permanently) constricted (i.e., the vessels are dilatable). Moreover, given that our measures of sexual frequency and sexual quality are based on self-reported measures, it is likely that hypertensive people have relatively lower expectations for their sex life than others and therefore are more likely to overestimate their activity and look on that activity more positively than would others. Given the relatively sparse evidence we found, future research is clearly warranted to confirm these findings.
Limitations
Several study limitations should be considered. First, although we attempt to tease out the possibility of the reciprocal relationships between sexuality and cardiovascular health by applying one of the most widely used statistical methods, cross-lagged models, to analyze longitudinal panel data, this approach is limited in fully determining causality (Finkel 2004) . Second, our analyses are based on two waves of panel data with a five-year interval. To better understand the causal processes linking partnered sexuality and cardiovascular risk, future studies should employ longitudinal data with shorter intervals as well as more waves of follow-up. The NSHAP is currently collecting the third wave of data, which will provide opportunities to further untangle causality. Third, our study focuses on later life. We want to caution readers not to extend the interpretation of the findings to a broader age range. Some of the patterns may be different among younger adults. Future studies should examine a broader range of ages to understand whether the association between sexual relationships and cardiovascular risk varies across age. Fourth, due to data limitations, our measures for CVD risk lack important markers such as low-density lipoprotein (LDL) and high-density lipoprotein (HDL). Future research should examine a broader range of measures for CVD risk. Fifth, sexual quality is one dimension of overall relationship quality. The enjoyment of sex may interact with other dimensions of relationship quality, such as conflict or support, to determine overall quality. Future research should examine the role of sexuality in relationship quality more generally. Sixth, the relatively small number of significant effects identified in this study may indicate Type 1 error by chance. Future studies are clearly warranted to further investigate health links with sexuality among older adults. Finally, various social, biological, psychological, and behavioral mechanisms underlie the link between sexuality and cardiovascular risk. Future studies should seek to identify the precise mechanisms and processes through which sexuality affects men and women's cardiovascular health.
CONCLUSION
Despite a large body of evidence pointing to a strong linkage between social relationships and health (Umberson and Montez 2010) , partnered sexuality, as a fundamental type of social relationship, has been relatively ignored. Our understanding of this unique relationship is even less advanced among older adults. This is important given that adults aged 65 and over account for 13% of the U.S. population, with this share projected to grow substantially over the next several decades (West et al. 2014) . In this study, we provide some of the first generalizable population-based evidence of linkages between partnered sexuality and cardiovascular health in later life using nationally representative longitudinal data. We find that for women, partnered sex of good quality seems to promote cardiovascular health, specifically reducing the risks of hypertension. Although growing evidence suggests that women are especially vulnerable to cardiovascular problems from poor relationship quality or marital loss (Liu and Waite 2014; Zhang and Hayward 2006) , our results show the positive side, with benefits to women's cardiovascular health from a rewarding sexual relationship. Unfortunately, good sexual quality does not protect men's cardiovascular risk. Indeed, for men especially at older ages, although moderate frequency of sex may also bring some health benefits, having sex too frequently or extremely high levels of physical and/or emotional enjoyment from sex might be a risk factor for experiencing CVD events over time. Strikingly, we find that having sex once a week or more puts older men at a risk for experiencing CVD events that is almost two times greater than older men who are sexually inactive. These findings challenge the assumption that sex brings uniform health benefits to everyone (Brody 2010) .
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